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(57) Sift] 

C: 0.01~0.2X, Si: 0.01 
~2%, Mn: 0.05~3%, P^O.IX, 0.01%, Al: 
0.005~lX£-^tfirT?&D. S^OgLi®;^ #«#35« 

±2 OumJETF, S-fflO?^*?!?^ 

ttKfin*«^aiia««. _Rt*_tg2jfcfl-©is£, a r3 

^^S^W±A r3 ^ffi^(jaS+ 1 o cckttm 
tt-hEEi££*S7Lfc&. Arl g!&£i&auyjt A r 3 ^ 

^iakJWTwta&igre i ~ 2 o wmffi® u 2 

0 TC / s fil±©?(tf|ia«nr»ap LT, 3 5 0 < CWT©# 
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[mxm i ] ««%-?, 

C : 0. 0 1 ~0. 2%, 

Si : 0. 01~2%, 

Mn : 0. 0 5~3%, 

P £0. 1%, 

S £0.0 1%, 

Al :0. 005-1%. 

£9, 7x.?^ h¥-t$m&&2 timU±2 0 um&CT* 

0. 0 5J!^±0. 8'fiLT. a^-ffl©^s®«*t 0 . 
2%^±2 %«T-C*-5Jli:*#mt-r-5. ^r 'I>^ 

[f»3fiJS2] Mf2IHa*, ££l;:«a%X\ 
Cu : 0. 2~2% 

B :0. 0002~0. 002% 

N i : 0. 1~1 % 

[§§#Jg5] flMEMftt, 2S»c»M%X, 
C a : 0. 0 0 0 5~0. 0 0 2%, 
REM: 0. 0 0 0 5~0. 02% 

[fjtj&JR6] DMZM**. £SlcKg%x, 
T i : 0. 0 5~0. 5%, 
Nb : 0. 0 1~0. 5%. 
Mo:0. 05~1%, 
V :0. 02~0. 2%, 
C r : 0. 0 1~ 1 %. 
Z r : 0. 0 2~0. 2% 

#jr 1 &v>l 5 w>-rnfr i «icSBf*©/i- ij >yjnx 
imxm7] m^m 1 l 6 ©v^n^ 1 mizzim. 

©Js£&£#?'«MH-©a!tmfflgK:REU Ar3 ^Sg^Cia 
gLBUtA r3 35^?aS+ 1 0 0 < CWTT^ratfc±JE® 
^7Lm A r 1 £S&&i&g«±A r3 2zm&i&& 

p^T©isa«Ti~2owfst, f©^, 201c/ 
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s £*±©<fr»jSS"e}$aibT, 3 5 o'c&rFvmm&g. 
•^ttifiD. ^©s^D^a^i, #«#35«*©«£:7 

ffi#0. 0 5«±0. 8^T, fi^-ffi0^ig^*t 
0. 2Xa±2XKTT*6*P!«*#*2:i:t»«fr 

m. 

io [s§*^8] st(i2^ramM»c^L, &jem>&7&, its 

m-rX^-U>y$rfrV\ Ar3 ^^ia^«±Ar3 
Xtt££&+ 1 0 0 < C^TT?^^tt±JEM*i»7-rsci 

[0 0 0 1] 
[0 0 0 2] 

[*£*©&«] iS^, Sft#©MS(6j±^i:©fc«6»CS 

fi^^ewt it, a i &&^<Dm&m j $>m&mm&<D 
ei!)*SB*j'\©®ffi*ijtie>e,tiTv^. fc^b, a i 
^©S^JStttk^^iiS v^t *>©©, 

[0 0 0 3] £©ck5fciiS3£3?{t©^;fcK*rbT, £tl 

iT?«*flcas©i/4^* I &je>s^ , 7'f b#7-<< — 
s t &m d it £ mtaffi z_ rcm&^mtt wmt®. ©& z>m 
£ z\^>i)mtt. mm<t<Dttmzm{*mm.<D#) 2 o % & £ 
40 ^vnmzm^zm&mmmfovm&ifi&mtts.'ox 

[0 0 0 4] fetch, m&&it\t-1&L(t)\ZI&M& (JOX 

^?\zi®mz&mmk*m&fr&&mmMfiLm5&<D&\z 
tiz>. mzmmmtt^&mDmtmmmz&tbzn&ft 

50 *»5n^#1ti:bX«. ^Ktfttt^iS^ttA^JC 
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[0006] gift, cn^D- K*-f-;p^-f x^^jk 

<%<&&\zm.tlZ> 5 9 OMP a^CD^x^-f 

iJ-'f h <D&&m.UM& (tWDual Phase 

fcaMEWUHi, 5 9 0MPa»^7 8 0MPaS^ 

bTWflF*nr*<&£»*>nTV»3. ^t, 5 9 0MP 
a»T?B«ttta:ea:«\ofc^at»ftt*t7 8 OMP a® 

[0 0 0 7] -r&*>-£, a- K^-f-^SSOffifi'v 

[0 0 0 8] 0!l*.fc«#ra¥ 5-179396 ^i>£8tC 
i CtNbCOJ^aifeTMnitT, 7i7 

[0 0 0 9] 

[^W**»*bJ:ai-r-5SRjS] L*Lft«t&. a— H 
[0 0 10] f^*3^±Ba^Ba¥5- 1 7 9 3 9 6 

b icg as n*iis&&©^SMits#*rtB!ft ic«t o x»» 
< 

T i : 0. 0 5 — 0. 5%, 
Mo:0. 05~U, 



[0 0 11] -ttT?3fc»W«. ±fB«£*^©glS^ 

m ic«nfc3iaaME5 4 oMPa£i±®ssiis, * 

«fc W©»S&$ffl:$g L TSJifiT £ ^Mjfi^S 

#-rs c t & sm *>©t&5. 

[0 0 12] 

K:«ffl3FnTV»*aMWI!MHIflEaH!MBlC i OIIMSlT 
4^$nXV^^®#|«©Mifiyp-bX^P^*3Vi 
10 T, ^®IH«©/WJ>^inXl4i;(£##te©M:ft£3i 

■f h^^TI&LfcM^O. 0 5M±0. 8«T, 
:?Sf|-*B©IS£fit}&g#0. 2%J&LL2%£rFT&5;i < >: 
*<> A'-y>^jtaXl4fa±»::#^KW&T&3£<h£^ 
fc££.tl}U #!?sB£&Lfcfc©T?&.5. 
[0 0 13] 3J-£, *^©SB«£AT©at)T?«>«. 
20 (1) «I%T. 

C : 0. 01-0. 2%, Si :0. 01 — 2%, 

Mn : 0. 05 — 3%, P ^0. 1%, 

S ^0. 01%, Al : 0. 005-1% 

£0, 7i7-f h¥ftfiS^2< i m£t±2 0/im£tT. 

0 . 0 5 fit _L 0 . 8£AT, 0 . 

30 2%£A±2%^TX£>-5d££#m,i:-r-£>. A*-U>^ 

ftjxttfc«n««-&mi«iH«. 

(2) murnw. zziznmxx-, euro. 2~2 
ss^tn^i^aits. tflta (i) iciBt6©A 
-U >^Jox^c£*s^&ji&ih«. 

(3) wsmmv, t< ZKmm.xx'. b-.o. 0002 

~0. 0 0 2%£^WT3£,!:£#&£-r-5, t9f2 

(1) (2) »cte«©A-'j>^jpxtticffin-5 

(4) taiHfll*^ 3£K»g%X, Ni : 0. 1-1 

40 %*^-wr-5it«r#®i-rs. me <n 

( 3 > © wrti^ 1 ^tcia«©M- u >^ioxttic®n 

(5) MfEfH**, Ca:0. 000 
5~0. 0 0 2%, REM: 0 . 0 0 0 5 — 0. 0 2% 
©-a*7c«-aSr^-Wt--5e:i:S:#1Sfr-5. mi 

(i) fcv>b (4) ©^-rn^i3siciE®©A-u>y 

(6) antzmw. $e.i'»s%x. 

Nb:0. 01 — 0. 5%, 
V : 0. 0 2 — 0. 2%. 



5 

C r : 0. 0 1 ~ 1 %, 

e (i) fcv^i, (5> ©vi-rn^ i^»c:f2«cDn-»j> 

[0014] (7) t9IE (1) &V>b (6) ©V^tl 
3J» 1 «Kffitfc©^#£*i-*IHjf ©8*figjE®K|&U A 
r 3 ^ffi^taSJ^±A r3 &filj&i&g+ 1 0 0*C£TFT 
£H8!tt±jEM£&7bfc&> Arl «i§M±Ar 

3 o$or«su> -e© 

2 0'C/s^±(D?&^IiSMT^LT, 3 5 0^ 

1*011*717^ htb, 31— ;u-^ 

m&T'f£Ltzm&0. 0 5ft±0. 8£TF. E.^— « 

(8) WfB&rajEMKI&U ffiJBES£*ITm, Sffi^X 
>J>^*frV\ Ar3 ^^S^±Ar3 

ias+ 1 o ox;siT : -vi&mtk±B.m&mT-rz>z.£&& 

mt-?Z>, MIB (7) fS«©y^-U>^iDXttlcffin-5 
[0 0 15] 

0. 07%C-1. 6%S i-2. 0%Mn-0. 
0 1%P-0. 0OUS-0. 0 3 9GA 1 lOSSHBSE 
b#»b&#tf-£, Ar3 &i^iiaSEU:©Vvrtl^© 
iaSTf^ratt±JEM*il^Tbfc^ Arl xtt£MfE£i 
-kA r 3 ^j£ia&«T©V>-Tn^©iaftl£T 1 ~ 1 5 
-t©&2 0 < C/s«±©?&aijiST?^b 

[0 0 16] £©$$*££ 7x7-f 



±2 0jimOT, *5<fctf0. 0 5£Ui0. 8£TFT\ ^ 
[0 0 17] £©*#-XAtt&Tbfcl8£^TteftV> 

Wimuv'f xiifflmz$>^Tftm-jm&fi>)±-tz>t 
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Z r : 0. 0 2~0. 2% 

ft*, 7l7-f h¥*5*iL&©«!l;£*£te, J I s G 0 

5 5 2i©7iH btiiktmuskmzHmvwmmiz 
mcrz. ^-«©^«[sicov^T«^nffi^ 

[0 0 18] ^ll£^tt»CS«-r^ffi©^^ 

4B©^*SSTSSbfc'b©«r0 2^-r. £©*§«<£ 
K> . g-48©^m^^^^tt>c(A^V^i§^fe t) . 
^£ffi©^SS*tO. 2%J^±2%«TTv 
b < fSj±-T 3 H t fc»Ji b &. 
[0 0 19] ^©^7JnXA«^Tbfe^^d^TttJ^Vi 
^-*©M^SS*^-r^-5t^-ffiiS*a:©^ 
S«lrtt*£<ftD, tI^ft#^flc-?-©^®»c^-f 
b^f<> ft&tf©&l^5^©e,&,hft3. -77, 
l-«©^Wfit^t«lC7i7< K4@© 

•5fc«e>, Kmfm&&y?z>. «£ct, agftm— «© 

[0 0 2 0] fcfcb, SS:rttfl!>Ifc**fl&&t 1 . 2%jST 

bte&m<D&m%\zm&m&<nm.K,im 

b<3&:0sK»m«©g^t^-5pTtgtt^&S©T. IS— 
*©^5@S«0. 2fl6BLhl. 2%&JF<Dnm&0$. 

bv>. ft*, (/t-y^jnitt) ic^wr 

te. B*ft«aaifeJ FST 1001-199 6C 

wioKm-f&mijmzfc~?Tmmvtz. 

30 [0 0 2 1] *^lr*5^S^ffi©5i7Dm^ 

^.Tff^-mo^mm&iz-D^T, mm\z&wt%. m& 
it) *M^$ii-sfcje>»^«^a^:©ffl*7x5-f h 

-Xrt-f h*^t?clt<£fl : §-r-&t>©XafeS. 
[0 0 2 2] ft*;, fi»ft3g»^14<£fll«-r5fc*lc: 

»##te5 5^Ta<#£bV>. Jl^X, 7i7^ KM 

4m\zi$vz>yt¥mmmx. 200-500 m-nmmz 
ntzs. 2 u&m*\zisttz>*rn*>o>m.i&<Dmmftm'eM 

[0 0 2 3] ^-ffi©^»S«EPMA (Elec 

tron Probe Micro Analyzer : l : PSV'f^n77 % 7'f 
If-) £#V\ XitK («^V-f ?D7t'J->X : BI& 

#e.nfcfiiT*s. fc;t*b. as^bfc^-«©«i«5<B 
50 [0024] -77, ±mjjm\zmz&ti2>m%m%.jj& 
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[0 0 2 5] «Wia*«*©«i:8-tt) ©0* 

fcfc'UBHl (MP a) ittT TTsT99ISK 

■t»-£jBv>. 2. ox©wf**f*4«. not? 10 
\tT> ^5aaw©2. o%-r©8Sid^t^®s^©^ 

TO 0 2 6] XfiK Foemable HSLA and Dual-Phase Stee 
Is (1977), A. T. DAVENPORTS 1 3 1S©F i g. 4 

Cs (S^FRS») =1. 5X10" 4 exp (0. 03 
3 XBH) 

£is^-rs seoT^-ffi©^^s« 

Cm= (C (^^©^^Wfi) -Cs) /fM (»- 
XM,m*>Z>Z\£i)*X2Z>. ±S©*J:t)lifco 

[0027] m^x. *&We>fc¥tfLft<Dmfem\iUZ-? 30 

©5^affl!ia*#^©»^S^:7C^Tafe-5. fc/cb. 
o. 2%mttlsX\*z>t1m3:&Rztmm*Si&&it?z> 

©"C, 0. 2%£tT^T-5. ££;0. 0 1%*^T$S 

t^«^eT-r^©T. o. ouwin. 

[0 0 2 8] SiH df3©S^nffij!&£#.5©lC!&® 

^ra©aia[*#^fc»ic«o. oi%H±^tt5 

5. t^TS iCttlliO. 0 1^±, 2%jKTi: 40 

[0029] Mnii mmmit7tmtvx^&±mzm 
$bx&&. mm<z>mg.&nz>tz!f)\zteo. 0 5%a±^ 
ifc. 3 5gj@^jn-r-5tx7^fm?&*-r-5 

[0 0 3 0] Ptt, 7F*E^T?S.0«mai:fiFiL<, 

o . i %j@^wrs .tiraitt^^stticas^ssx^-r 

<h#K3£##ttfc&T3-a-£©T, 0. l%JWTfr 
•5. 

[0 0 3 1] Stt, *tt#n?&D&U«£:#;i;L<. # 50 
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T, S^J<SMc?1i"-5'<^"C*^)d i . 0. 0 1%£TF;fce» 
[0 0 3 2] Altt, mMJmvtzWZ 0 . 0 0 5 %JJJl. 

±aairr nxh©-k#£if<fcje>, 

^#^JS^#3*li^:^i3-T#^*^t;$i*-S©T. 0 

[0033] cuii mmvtmx'&%ft&*&m-rz>® 

*#*5©-e, iftMitf&cmtro-r-s. fcfc'U o. 2% 

*^Ttt^-©^)*«^< > 2%^TMbT'bl 
*A*iafil-r-5. CuC^WlBO. 2~2%© 

[0 0 3 4] Bte, C u h&Smba-mz, Z.b.\Z£K)1k 

tztzh, 0. 0 0 0 2 %7£ffixte^<D%>m&nz>?t 
*ic^-H}-e& s , 0 . 002 %j@SsJO-r£> iT. 7^f9 

ft* { S£5. «fcoT, B©m&0«0. 0 00 2%EU:, 
0. 0 0 2 %£TF£-r-2>. 

[0035] Niii cu<sm\zj:2>mmt&&m±<Drz 
#>\z>&mzfevwiim-r2>. tctcv. 0. 1 %*irm-?- 

©x&*#4>& < , 1 % *j@*.TS&in hx fc^-©2&**<& 

*trr •&©-?, 0. i~i%m. 

[0 0 3 6] Ca^i^REMH, ^©e^tftofc 

0, ioitt*^bS-tt-«.^M^&^©^*^bS-a- 
xmmift&yimx'&z. fc£u w-eno. 000 

5%*Stm&nbTfc^©&S#&<, Cafc^fcTO. 0 
0 2%S. REM&£,l£0. 0 2 %S^JnbTt>-?-©«l 
&jbmm-?Z><DX, Ca:0. 0005—0. 002 
%, REM: 0. 0 0 0 5~0. 0 2 %8sflO-r-5 Z. 

[0 0 3 7] 3 SIC, ^fl£*#^-r^fcJe>lC, Ti, N 
b, Mo, V, Cr, Zr©«ftfeb<IJ@W 
7C^©-a*fc«-a^±=&mDDbTt)AV^ fctffU 
ftl^tXO. 05%, 0. 01%, 0. 05%, 0. 0 
2%, 0. 0 1%, 0. 0 2%*tTtt^©^I$#.5 

z\£&xgt3.\<K -t-tveno. 5%, o. 5%, 
1%, 0. 2%, 1%, 0. 2%&mz.mfjavx*>, 

[0 0 3 8] JS^Sntt, *ftmo&>m&m2>tt&\Zte 

nat&s©-?, 0. 0 5%etT*<a*bv>. 

[0 0 3 9] *^©«)S77fe©IS^S*JCOVi 

aic7S s «t o iz&Lftmmistc&m zm&tsz. tiz^x 
#fcX7^. mm&t ! r<D£3it&mmMm\zw.~Mvxh 

jESLT'b.tvi. mm&Mmz-z>^x\$&\zfflm\zt£^ 

1 4 0 0 < C£U:T7&5£:, X^r-^^^S^ftlC 

^o#a*o^®T-r^©T, sj&o^iamtt 1 4 0 one 
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0 0 0 < C£JUbP3£LV>. 

[0 0 4 0] iiHIflEffilSti, »JEM£i&TI£, tt±tf 

jEM«rfrp*i, mm^xmm (ft) &atz &m&m. 

SK±Ar3 %tm&U&+ 1 0 0*C^T©iUS«Ti^T 
•T £fttt» *MB!ffiM+teffiai«Aa«A r 

Tb*V»iQItta»*fcU tb±tfia&a*A r3 ^Sg^iS 
&+ 1 0 OICiHTtt, tt±tfjE&&©;*— Xt^M- h& 10 

teA r 3 ^^iaSJ^JiA r3 1 0 CCS* 

[0 0 4 1] ffiJEM^T^ICi^JE^X^- U > 

^*fT-5^«. JH«ig®-T?©&JE*©®^JEP (MP 
a) XfcitSL (U»;Mk/crf ) ^0. 0 0 2 5 

BEPtt«TOJ:5lcEi6Sn* ( r&£|Rj , 1991, vo 20 

1.77, No. 9, PI 450 #M) . 

P (MPa) =5. 64XP, XV/H' 

Po (MPa) :jffiE^> 

V (»J y h;i//m i n) : yXJMftttfi 
H (cm) :ffl«*ItyXW0E» 

[0 0 4 2] SSfiLttJUTW-t^ir^^nSo 
L (y*;hVcm' ) =V/ (WXv) 

V (Uy h;i//m in) : SXJUXBm 30 

w (cm) : ; X)vmtzK)^immwLm.m\zw s ti-D-t; 

v ( c m/m in) : jURiggg 

0. 0 2 JUTt-T^ LV>. 
[0 0 4 3] ttJttfEEM&©fH«©&*iSj£R 
y**l 5 jxm (1 5 <zmRy, 12. 5mm, lnl 
2. 5mm) JETFT&S;: £*s&£l,i>. «*. 40 

« r&Rtm£#K»HH£j . B*«»^iB, 841 
irfHS^nx^SffiD, ^M^fcteKifesfeSwiss©^ 

^^TabS. £fc-?-©&©tfc±tfJEMkt. "f-X'r— 

5 0>£*rt»::fT5©**g£l,v>. 
[0 0 4 4] ttlffl^TLfc^OIgtt, STA r 
3 Xtt£#>&Arl XfjSi-roUCilt (7i5-f 
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2 omra*/*-?^ h*»£j*u awt-rs^a^* 
[0045] it, i~2 o&m©xF0«3tts&Att 

M±8 0 0 < C£(TAiaSL<. tfc±tf 

&mmT'& 2ot/s ^±©^^-c^gtias«{tffl 

cfWWIttsatt«i«l:fiTSiij!in&*i:ti > 1 
~1 O^Pflt-r^eit^i Lu. 

[0046] -€-©ias^6>#&iag (ct) * 

Ttt 2 0t/s £(±©^51ST??&ai-rS*t, 2 0 X./ 
g£T?©#31jgg©±ggfci, #^J6S^,i:^:<*^ 

s^^n-siit^e,. 2 0 oxy s^Tt-t^z-tam 

[0 0 4 7] #%jl&#t3 5 oicjS-m, ^-f:M* h*< 

3 5 cc^TtK^-rs. &mug.coTmm\$<& 
\z»z>tmzj:2>*\.m7p&i)mik-znz>z:tf>. sore* 

[0 0 48] 

mmm) &tf\z, ^mm\zj:D^m^^\zsim-r 

•5. ^U'^-rfb^?>SrWr-5A~Q©#}tt, te^T? 

&3&VTmmm&'&. m2\zm?tamug. (srt) t- 
bud&u mmmmzm c < * 2 K^-rttjitf jem^ 

(FT) "CI. 2~5. 4mm©«p»rjBEMbfc«> * 
2lCa*-r*9tfiA (CT) T^-n^n#€TStofc. &i5 
-SBlCO^T««LBEM^lC*|?JE2. 7 MP a, fiES 
0 . 0 0 1 U y c m' ©^^TfiftffT^X^r- U > 

[0 0 4 9] £©«fc5l£LT#£.n&&M«©3l3gg£gfc 
tt, #4^*, * J I S Z 2 2 0 1 |H«© 5 

K>ticjoiL, j i s z 224 i t&m<D$m-%mz 

mm*<D\/4m\z&n&%¥mim.-T?. 200-50 
0 m-vm&tstift 5 i; timm^\z^\-y^n^<Dtmo) 

J I S G 0 5 5 2»©7i7-f hJSftmS 
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smmzmmowmmzmv. m-m<D^m.mz-o^ 

[0 0 5 0] £tz. m=. ffl©I$iggBEPMA (Elec 
tron Probe Micro Analyzer : ifiSv-f ^ n7t5^f 
•if-) ££3V^ Xi* ( TQ^vf ^D7^-U->XJ , 

mab** awjimmmftrnm ts.mtD&m&mz*. 

R-hT*0. £b&. — SB 

©tt»K-pV»THU ±ai©ffimS!l^feT?^-ffi©^ 10 

[0 0 5 1] 03l;gn5ftft^9 8mm, 

4® 3 8 mm, M^WiWa&<D^2 0 mm, WDXfOft 
m*a*t3 Ommt?*S¥Bfttf«#^M-»CT, 
MSD©¥Mtttf^#g4tt£fTt?&. 
tt» 10X10' l5IT0&#IB0W€flf£09IS93ftS 
aBTI^LfcM (3£#m£ifc0W/aB) TWfltlfe. 

\z~z>^T\z. B*&mmmmj fst 1001-1 20 
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